INTRODUCTION
============

Toxoplasmosis is an infection caused by the protozoan *Toxoplasma gondii* and is asymptomatic in most immunocompetent individuals. However, vertical transmission can cause a number of clinical manifestations in the fetus, and is among the main causes of morbidity and mortality in the neonatal period[@B1] ^,^ [@B2]. *T. gondii* infects 25 to 30% of the world's population[@B3], and several studies have found a high prevalence of toxoplasmosis in pregnant women in various countries, underscoring the importance of this congenital transmission[@B4] ^,^ [@B5].

In the first trimester, the transmission rate to the fetus is around 10-15%, in the second trimester 22-40% and in the third trimester it increases to about 68%[@B6]. The severity of the infection is inversely proportional to the gestational age, and can lead to fetal death in the first trimester of pregnancy. In the second trimester, infection may lead to the Sabin's tetrad of symptoms, and in the third trimester of pregnancy the child is usually born asymptomatic and may present with some evidence of the disease a few days, weeks or months after birth[@B7].

Prevention strategies for congenital toxoplasmosis adopted by public health systems differ among countries[@B8] ^,^ [@B9]. Those with a high prevalence of *T. gondii* infection, such as Brazil, France, Australia and Colombia, have included toxoplasmosis testing in the prenatal screening following different schemes[@B10], while countries with a low prevalence of this infection have adopted educational practices and even diagnosis during the neonatal screening[@B11].

Primary and secondary prophylactic measures decreased the vertical transmission rate and/or sequelae in infected infants[@B12]. According to Gomes Filho *et al*.[@B13], toxoplasmosis is considered the second most frequent disease among positive tests detected by the prenatal screening of pregnant women in Goias State, which should serve as a warning to pregnant women who do not undergo proper prenatal care.

The purpose of the neonatal screening by means of the newborn heel prick test is to track and detect pathologies in 3 to 7-day-old newborns. This procedure has included new and more effective diagnostic methods that can identify not only metabolic diseases, but also other types of pathologies such as hematological, infectious and genetic disorders[@B14]. Thus, the early detection of congenital infections in newborns through the neonatal heel prick test may minimize the shortcomings of the current toxoplasmosis control program, including seroconversion surveillance.

The aim of this study was to perform a serological screening for toxoplasmosis in samples collected on filter paper for the basic neonatal heel prick test provided by the public health system and to establish criteria for the confirmation and/or exclusion of congenital infections at three reference units in the metropolitan region of Goiania, Goias State, Brazil.

MATERIALS AND METHODS
=====================

Selection of patients
---------------------

This is a prospective and descriptive study, carried out from May 2015 to April 2017. Newborns between three to seven days of life were screened by the heel prick test in three public health units in the metropolitan region of Goiania, Goias State, namely: Maternity Hospital Dona Iris (HMDI), Hospital das Clinicas of the Federal University of Goias (HC-UFG) in Goiania, Goias State, and Center for Comprehensive Attention to New Age Health (CAIS-CNE) in Aparecida de Goiania, Goias State.

This study was approved by Plataforma Brasil on February the 11^th^ 2015, under the Decision Nº 943.441.

Blood samples collection
------------------------

Blood samples were collected from the newborns after the informed consent was signed by their parents or the person in charge.

Filter paper sample
-------------------

When performing the neonatal heel prick test, the collected blood sample was absorbed by a 3 cm^2^ Wathman filter paper Nº 1. The filter paper cards were identified, dried at room temperature and sent to Laboratorio da Relacao Parasito Hospedeiro of the Universidade Federal de Goias (LAERPH-UFG) to perform the serological test by an enzyme immunoassay (ELISA) for the detection of anti-*T. gondii* antibodies (IgM and IgG).

Peripheral blood sample
-----------------------

After two to four months of blood collection on filter paper, 3 mL of the infants' peripheral blood were sampled in ethylenediaminetetra-acetic acid (EDTA) tubes to confirm the serological results and to perform the polymerase chain reaction (PCR). A blood sample from their respective mothers was collected to compare the serological results.

The established criteria for peripheral blood collection were positive filter paper results for IgM and/or for IgG (optical densities \>3), detected by the ELISA. The cutoff point was established by the average of the first 100 samples that were reagent for anti-*T. gondii* IgG on filter paper, with indices ≥ 3. Polymerase chain reaction (PCR) tests were performed only on samples from infants in whom congenital infection was suspected.

Infants presenting one or more of the following criteria were considered congenitally infected: presence of anti-*T. gondii* IgM antibodies, IgG antibody concentrations with indices significantly higher than their mothers, positive PCR (when performed as a complementary test).

ELISA serological test
----------------------

For anti-*Toxoplasma* IgM and IgG antibodies detection, the ELISA commercial kit Bioelisa-Bioclin^®^ (Quibasa, Santa Branca, Belo Horizonte, Brazil) was used. The procedure was performed according to the manufacturer's instructions. Blood samples were diluted in microplates 1: 100 sensitized with *T. gondii* antigens. After incubation and microplates washing, the conjugate was added and a new incubation and washing step were performed. Subsequently, the chromogenic substrate and the stop solution were added and the absorbance of each sample was obtained in the KHB ST-360^®^ microplate reader.

For the serological examination of blood samples collected on filter paper, the following adaptation was made: a 5 mm diameter disc was used instead of the blood sample. Then, discs were placed on microplates and eluted with the sample diluent provided by the commercial kit, in a 1:100 ratio. After incubation, disks were removed, microplates washed and the other steps were performed according to manufacturer's instructions.

DNA extraction and polymerase chain reaction (PCR)
--------------------------------------------------

Molecular examination was performed on all peripheral blood samples from newborns presenting with positive IgM and/or IgG in the serological tests as well as those with undetermined IgG results. DNA extraction was carried out according to the Biopur^®^ commercial kit protocol (Mobius Life Science, Pinhais, Parana, Brazil). Briefly, 200 µL of the leukocyte layer obtained by centrifugation of peripheral blood samples were used.

PCR was performed in a final volume of 25 µL containing 10 mM TRIS HCl (pH 9.0), 3.5 mM MgCl~2~, 0.2 U of Taq DNA Polymerase, 0.5 mM of dNTP, 50 pmol of each primer and 2 µL of template DNA. The amplification program consisted of an initial denaturation step at 94 ºC (5 min), 35 cycles of denaturation at 94 ºC (1 min), annealing at 62 ºC (1 min) and extension at 72 ºC (1 min), followed by a final extension at 72 ºC for 10 min. The primer pairs used were: Toxo-B5 (5'-TGAAGAGAGGAAACAGGTGGTCG-3') and Toxo-B6 (5'-CCGCCTCCTTCGTCCGTCGTA-3')[@B15] ^,^ [@B16]. PCR products were analyzed on 6% polyacrylamide gels stained with silver nitrate[@B17]. All the PCR steps were monitored by positive and negative controls. Positive controls came from the RH (highly virulent ) and the ME-49 (less virulent ) strains, and the negative ones consisted of biological materials from individuals who tested negative in serological and parasitological tests.

Each PCR reaction was performed in duplicate, and in case of discordant results, a new reaction was performed to confirm the result.

RESULTS
=======

Serologic screening on filter paper
-----------------------------------

A total of 1,159 blood samples were collected on filter paper from newborns between 3 and 7 days of life. The presence of anti-*T. gondii* IgG antibodies were detected in 43.92% (509/1,159) of the samples. The results were undetermined for IgG in 1.55% (18/1,159) of the samples, and the presence of anti-*T. gondii* IgM and IgG antibodies was detected in 0.17% (2/1,159) of the samples, by ELISA.

Filter paper serological analysis and comparison with peripheral blood samples conventional serology
----------------------------------------------------------------------------------------------------

Of the 511 blood samples collected on filter paper that were reactive to IgG, 61.25% (313/511) presented an ELISA absorbance index ≥ 3. From these reactive samples, 126 pairs (mother and infant) of peripheral blood samples were collected, in one case, only the peripheral blood of the newborn was collected, totaling 253 samples.

The comparison of the results obtained by serology performed on filter paper (first week of life) with the results obtained by the analysis of the peripheral blood performed two to four months after birth revealed that there was concordance in the detection of IgM and IgG in one sample 1/127 (0,79%), persistence of IgG in 115/127 (90.55%) infants, undetermined IgG results in 2/127 (1.57%) and disagreement of results in 9/127 (7.09%) infants.

Two of the filter paper blood samples were IgM/IgG positive. However, peripheral blood collected before two months of age confirmed the presence of IgM/IgG in only one of the peripheral blood samples, while the other sample was only positive for IgG according to the optical density found in the ELISA test.

Comparison of the serological profiles of peripheral blood from seropositive newborns and from their respective mothers
-----------------------------------------------------------------------------------------------------------------------

As mentioned earlier, peripheral blood samples were collected from 126 pairs (mother and infants), totaling 252 samples. Results were compared and are presented in [Table 1](#t1){ref-type="table"}.

Table 1Comparison of serological results (ELISA) for toxoplasmosis of 126 pairs (mother-infant) of peripheral blood samples collected from infants between two to four months after birth and their respective mothers, in three public health units in the metropolitan region of Goiania, Goias State.ResultsMother + BabyNº%IgM/IgG reactive (mother) and IgG reactive (infant)010.79Mother and infant reactive (IgG)11490.48Reactive mother and undetermined infant (IgG)021.59Nonreactive mother and infant (IgG)043.17Reactive mother and non-reactive infant (IgG)053.97Total samples126100[^2]

It was possible to observe that in 90.48% of the samples, the comparison of the serological results between mother and infant were concordant even after two to four months after the tests performed on filter paper.

As for the two samples collected on filter paper that tested positive for anti-*T. gondii* IgM and IgG, in the first case, the infant's peripheral blood sample showed a positive result only for anti-*T. gondii* IgG. In the second case, the results obtained from the infant's peripheral blood sample were consistent with those of the sample collected on filter paper, but, unfortunately, a peripheral blood sample could not be obtained from the mother because she left the study.

Complementary test on peripheral blood samples of infants in whom congenital infection was suspected
----------------------------------------------------------------------------------------------------

In this study, 7.82% (09/115) of peripheral blood samples from infants showed significantly higher antibody concentrations than those of their mothers. A higher IgG antibody concentration than that detected in the mother is one of the criteria proposed to indicate the presence of congenital infection, so that these infants will be serologically monitored in their first year of life to confirm or exclude the congenital infection.

All the peripheral blood samples from infants whose IgG results were positive and undetermined were subjected to PCR. This test confirmed the presence of *T. gondii* DNA in one of the 118 peripheral blood samples analyzed.

The absorbance indices on filter paper (OD 3.85) and the peripheral blood (OD 3.8) in the PCR positive case were constant after the three-month interval between blood collections, highlighting the importance of valuing high optical densities detected by ELISA as indicative of congenital infection, as demonstrated in this case.

DISCUSSION
==========

Given the high prevalence rates of *T. gondii* infection in pregnant women in several parts of the world, and particularly in Brazil[@B4] ^,^ [@B5] ^,^ [@B18] ^,^ [@B19], the possibility of congenital transmission is a matter for concern for healthcare managers, highlighting the importance of programs to protect pregnant women and of robust criteria for the confirmation and follow-up of women and their infants with suspected active infection[@B20]. In this study, 44.08% of the newborns tested positive for IgG on filter paper.

As IgG is an immunoglobulin that crosses the placental barrier, we can infer that the prevalence of chronically infected pregnant women in this study was 44.08%, a rate that is more elevated than in other countries: 17.3% in the United Kingdom[@B21] and 15.62% in Mexico[@B22]. However, in Brazil, this rate was lower than the data found in the cities of Gurupi, Tocantins State (68.7%)[@B5], Sao Jose do Rio Preto, Sao Paulo State (64.4%)[@B18], Caxias, Maranhao State (77.9%)[@B19] and Goiania, Goias State (68.3%)[@B23].

According to the results of this study, it was also inferred that 55.91% (648/1,159) of the mothers were seronegative to *T. gondii*, and were considered at risk to acquire a primary infection, demonstrating the need of a close follow-up in future pregnancies[@B24].

The early detection of congenital infections in infants is of paramount importance in the diagnosis and prognosis of toxoplasmosis. In our study, we detected two newborns (0.17%) with anti-*T. gondii* IgM antibodies, and this immunoglobulin is a marker of acute infection, thus confirming the occurrence of vertical transmission, since this class of immunoglobulins does not cross the placental barrier[@B25].

This result shows, even in a population not considered at risk, that the detected congenital transmission was higher than the one found in the studies by Bichara *et al*.[@B26], in Belem, Para State, in which IgM was detected in only one of the 1,000 newborns investigated by ELISA on filter paper, and Schmidt *et al.* [@B27], in Denmark, who detected IgM in 55 of the 262,912 samples.

Data reported in the literature demonstrate different rates of congenital transmission that are usually detected during the prenatal monitoring of pregnant women considered at risk[@B5] ^,^ [@B28]. The detection of infection through the neonatal heel prick on asymptomatic newborn infants born to chronically infected mothers is an excellent alternative for health care programs. In this study, the validation of the serological screening of blood on filter paper corroborates the findings of Paul *et al*.[@B29], who detected anti-*T. gondii* IgM antibodies on filter paper by ELISA, with 95% sensitivity and 99.9% specificity compared to the conventional serology~.~

Despite the high sensitivity and specificity of ELISA, the heel prick test may not cover all cases of congenital toxoplasmosis. The non-detection of IgM antibodies, can occur due to the period of gestation in which the transmission took place and the treatment prescription during pregnancy[@B30] ^,^ [@B31].

Despite the importance of confirming and/or excluding results obtained on filter paper, the difficulties of communication with the parents of the newborns are noteworthy, as well as their lack of interest in participating in the study and authorizing a second blood sampling.

Therefore, 40.57% (127/313) of peripheral blood samples were collected under the guise of a new blood sample. This enabled us to analyze the concordance between the serological results for toxoplasmosis of blood samples collected on the filter paper with the peripheral blood results of the infants. In fact, 9.44% (12/127) of the samples showed discordant results, which may be justified by the half-life of IgM and IgG antibodies, since peripheral blood samples were collected within three months after collection of blood on filter paper. According to the work of Lago *et al*.[@B30], 19.6% of newborns with congenital toxoplasmosis confirmed by detection of IgM antibodies in the first week of life, presented negative results after 30 days of life.

Even so, it was possible to demonstrate the high percentage of IgG antibodies (89.76%) in peripheral blood samples and blood collected on filter paper. This can be attributed to the sensitivity of the test (61.1- 99.3%), corroborating the effectiveness of the ELISA test on filter paper and the high reproducibility of the technique[@B32].

Regarding the comparison of the serological results of the mothers and their respective offspring, five paired samples showed that mothers were IgG positive and their newborns were negative. These cases can be explained by the decrease in the levels of these antibodies passively transmitted from the mothers to the newborns since IgG has a half-life of four weeks and peripheral blood samples were collected up to four months after the first blood sampling on filter paper[@B33].

One way to confirm the diagnosis of congenital toxoplasmosis is via serological testing performed during the infant's first year of life, when it is possible to observe the increase in *T. gondii* IgG antibodies. Significant higher levels of antibodies in the infant than in the mother may be indicative of congenital infection. In our study, these serological characteristics were detected in 7.82% of the infants, demonstrating the need of the infant's monitoring to confirm or exclude the congenital infection until the end of the first year of life[@B34] ^,^ [@B35].

Another criterion for the confirmation of congenital infection is the detection of *T. gondii* DNA by molecular techniques. These are important tools to diagnose toxoplasmosis of immunocompromised patients, congenital infections and ocular toxoplasmosis[@B36]. However, the PCR technique is employed mainly in the prenatal diagnosis on amniotic fluid samples of pregnant women with serological evidence of primary infection, and has shown 100% specificity and 98% sensitivity with the use of this biological material[@B36] ^,^ [@B37].

In this work, *T. gondii* DNA was detected by PCR in the peripheral blood of a child that presented constant optical densities in the serum analysis (OD 3.85) three months after the blood collection on filter paper (OD 3.80). This was a noteworthy finding, since the serum levels of endogenous IgG produced by infected infants persist or increase after birth. However, IgG levels usually decline during the first months of life, even in infected infants, due to the decrease in maternal antibodies. Thus, congenital infection in infants that are not undergoing treatment can only be excluded when anti-*T. gondii* IgG antibodies are absent. In the treated infant, IgG may disappear and rise again after discontinuation of treatment[@B38].

CONCLUSIONS
===========

The diagnosis of congenital toxoplasmosis is complex and depends on several factors, particularly those pertaining to the gestational age in which the vertical transmission has taken place. Most infected infants are asymptomatic, making their identification even more difficult, requiring complementary techniques, especially PCR, as demonstrated in this study. Healthcare programs for pregnant women and newborns are important and should be standardized throughout the country. In view of the results obtained in this study, the inclusion of a serological screening for toxoplasmosis in the basic neonatal heel prick test, which is already available in Brazil's National Health Service (SUS) for other infections, has proved to be effective for the early detection of *T. gondii*.
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